, where habitat quality was degraded. We used an accurate and precise videogrammetric technique to non-invasively measure size structure of lobsters within each reserve and compared this new method with established techniques. Sex ratios were determined and an estimate of fecundity per unit area was calculated for each reserve. Results indicate that within the Doubtful-Bradshaw Sound complex the reproductive contribution of lobsters per unit area from the marine reserve at Te Awaatu Channel was significantly greater than that at Taipari Roa, while that from the commercial exclusion zone and Kutu Parera were intermediate. These data highlight the importance of marine reserves encompassing high quality habitats for maintaining optimal reproductive potential of red rock lobster populations by harbouring high abundances and mature size distributions at the landscape scale.
INTRODUCTION
Spatially explicit management strategies, in particular no-take marine reserves, are an increasingly applied tool for conservation of biodiversity and marine resources (Quinn et al. 1993 , Palumbi 2001 ) and enhancement of fished stocks (Dayton et al. 2000 , Roberts et al. 2001 . While optimal designs and potential benefits of marine reserves are a contentious topic (e.g. Roberts & Polunin 1991 , Russ & Alcala 1996 , Allison et al. 1998 , the benefits of protecting a mature portion of the spawning population are clear from bioeconomic (Hastings & Botsford 1999 ) and empirical studies (Halpern 2003) . These studies highlight the importance of maintaining spawning populations comprising large, mature individuals (Berkeley et al. 2004) . Marine protected areas, especially marine reserves, play a key role in maintenance of old growth age structure by providing refuges for productive spawning stocks of exploited fish (Berkeley et al. 2004 , Birkeland & Dayton 2005 and invertebrates (Quackenbush 1994 , Rogers-Bennett & Leaf 2006 . Inside marine reserves, populations are able to increase in size, and individuals can live longer, grow larger and develop increased reproductive potential. Likely benefits to adjacent fisheries include a net emigration of adults and juveniles and the pelagic export of eggs or larvae.
Many populations of exploited marine species consist of relatively sedentary adults spread across large geographic regions connected by larval dispersal, and to a lesser degree, by movement of adults (Kritzer & Sale 2006) . The subdivided nature of these populations means that local environmental forcing of vital rates (recruitment, mortality, growth and movement) can influence source-sink dynamics and persistence of metapopulations on a regional scale (Botsford et al. 1998 , Wing et al. 2003 , Sanford & Menge 2007 . Consequently, spatial management can be improved by the application of networks of protected areas at the regional scale, within which landscape-scale processes, such as connectivity among food webs (McLeod & Wing 2007 , Salomon et al. 2008 ) and source-sink structure (Fogarty 1999 , Wing 2010 , are maintained. The placement of marine reserve boundaries within this metapopulation landscape is at the crux of a network's capacity to encompass patches whose size and connectivity are sufficient to enable regional population persistence (MacArthur & Wilson 1967 , Hanski & Gyllenberg 1993 , Claudet et al. 2008 . A critical feature of this requirement is to include habitat of sufficient quality to sustain high biomass and mature size structure of exploited species (Root 1998 , Fogarty 1999 , Lindholm et al. 2001 , Fleishman et al. 2002 , Rodwell et al. 2003 .
In the adaptive management process, assessment of the functionality of marine reserve networks requires rigorous enumeration of community parameters, including relative densities and sizes of exploited species, for comparison over time and among management units. Implicit in these studies is a reliable means of quantifying size structure as well as abundance of protected stocks in order to assess their contribution to reproductive output of the regional population. The accuracy of the sampling method used to collect field data directly affects the degree of statistical inference possible. Inadequate or biased sampling methodology and survey design create difficulty in effectively measuring reserve effects and predicting outcomes of reserve implementation.
Most commonly, attempts to enumerate fish and invertebrates in this context have used underwater visual census (UVC) methods (e.g. MacDiarmid & Breen 1992 , English et al. 1994 , Willis et al. 2003 , Pande et al. 2008 . However, surveys involving direct observations made by divers are susceptible to bias associated with observer experience and subjective decision making, even when previous experience is relatively extensive (>100 h) (Willis et al. 2000 , Edgar et al. 2004 . Although constant or known biases can be accommodated statistically, misleading interpretations of data patterns are likely if this bias is inconsistent over time or space, or if variance in data quality exists among recorders (Harvey 2000 , Edgar et al. 2004 , Edgar & Stewart-Smith 2009 .
Subjectivity in length estimation of free-ranging animals can be overcome using photogrammetric calibration techniques. Diver-or remotely operated underwater video using stereo-image measurements are increasingly utilised for measuring fish abundances and lengths (Shortis et al. 2009 ). However, these methods may be unsuitable for cryptic animals that are not easily attracted to bait and are too cumbersome to use in complex relief such as amongst boulders or in crevices. In this context, diver-operated video-mounted lasers offer an objective method for length estimation whereby images are scaled by measuring the distance between fucidal marks. The availability of inexpensive and powerful lasers and advent of user-friendly freeware for digital videography make laser-scaled photogrammetry a cost-effective and time-efficient method for obtaining accurate and precise remote measurements (Gingras et al. 1998 , Love et al. 2000 , Rochet et al. 2003 , Bergeron 2007 . In the present study, we describe a novel videogrammetric technique for size estimation of red rock lobsters Jasus edwardsii in order to inform the adaptive management process in Fiordland, on the southwest coast of the South Island, New Zealand.
Assessment of the spatial overlap of management units and population structure is especially important in topographically complex regions such as Fiordland, where the glacially carved fjords form a succession of 15 embayments containing an insular and fragmented array of marine habitats (Fig. 1) . Within each fjord, strong gradients in light, salinity and wave action along the fjord axis drive spatial variability in benthic primary production ). On the wave-washed outer coast, benthic productivity is dominated by abundant kelp forests, whilst in the quiescent habitat of the inner fjord, forest litter and estuarine seaweeds dominate the carbon pool (McLeod & Wing 2007 . The resultant gradient in the quality and quantity of food sources for benthic feeding organisms is the basis for strong bottom-up control of growth and reproductive output of the sea urchin Evechinus chloroticus (Wing 2009 ) and for plasticity in diet in holothurians (Australostichopus mollis) , reef fish such as blue cod Parapercis colias and sea perch Helicolenus percoides (Rodgers & Wing 2008, R. Lawton et al. unpubl. data) and the red rock lobster Jasus edwardsii (Jack et al. 2009 ).
Red rock lobsters are of great cultural and economic significance in New Zealand and comprise the most valuable inshore fishery (NZ$ 1.35 billion in 2007, New Zealand Rock Lobster Industry Council). Due to their relatively large size, high abundance and wide distribution, red rock lobsters are ecologically significant predators, driving the top-down structuring of invertebrate prey on New Zealand rocky reefs (Witman & Grange 1998 , Shears & Babcock 2002 and in adjacent soft sediments (Langlois et al. 2005) . Although Fiordland is considered a relatively pristine natural environment, populations of red rock lobsters have suffered localised depletion in the inner fjords (Annala 1993) and are a remnant of their natural ecological condition region-wide, with fisheries scientists estimating that approximately 3% virgin biomass remains in the Fiordland region including Stewart Island (Starr & Bentley 2002) . In addition to fishing pressure, Fiordland has been subject to localised habitat conversion. Physical habitat and community structure have changed significantly in the inner reaches of Doubtful Sound as a consequence of the input of freshwater from the Manapouri hydroelectric power station (Bantham 1965 , Boyle et al. 2001 , Tallis et al. 2004 , Rutger & Wing 2006 . Extended exposure to freshwater in this region has resulted in severe depletion of bivalves (Rutger & Wing 2006 , which are an important prey item for red rock lobsters (Witman & Grange 1998 , Jack et al. 2009 ).
In 1993, 2 no-take marine reserves were established in Fiordland: Te Awaatu Channel (The Gut) marine reserve in the semi-wave-exposed habitat at the entrance to Doubtful Sound, and Piopiotahi (Milford Sound) marine reserve, along the northern axis of Milford Sound (Fig. 1) . More recently, the Fiordland Marine Management Act 2005 (Te Moana o Atawhenua; FMMA) closed inner-fjord waters to commercial fishing and reduced bag limits for recreational take (11 363.7 ha region wide or 59% of the inner-fjord area) and established a network of 8 new marine reserves, nested within the commercial exclusion zones (CEZs), bringing the total no-take area to 10 421 ha or 13.5% of the total inner-fjord area (Fig. 1) . By controlling mortality due to fishing, the new spatially explicit management regime will likely allow for increases in abundance and maturity in size structure of heavily exploited species such as Jasus edwardsii, resulting in greater reproductive output for populations in Fiordland (Kelly et al. 2000 , Pande et al. 2008 .
The Fiordland marine system and the newly implemented network of marine protected areas present 2 interesting questions: (1) How do region-wide patterns in red rock lobster abundance overlap with the established and new network of marine protected areas? (2) And what is the potential relative contribution of populations contained in different management zones to regional egg production? In the present study, we used an extensive survey of red rock lobster populations across Fiordland to address the first question. Further, we tested a diver-operated videogrammetric technique to reliably and accurately measure the size structure of red rock lobster populations and compared this method to concurrently collected UVC data. We then applied the videogrammetric technique to a case study in the Doubtful-Bradshaw Sound complex where size and abundance data were combined to compare estimates of potential reproductive output among management units. The resulting increased resolution of spatial variability in red rock lobster population structure was used to critically appraise the likely consequences of the marine reserves implemented in the region in terms of the populations' reproductive capacity.
MATERIALS AND METHODS
Fiordland-wide abundance of red rock lobster. In January-February 2006 and 2007, red rock lobster densities were recorded using UVC at 26 sites ( Fig. 1 Estimating carapace length. In a diver's presence, Jasus edwardsii typically back into a crevice and face the diver head on. Therefore, viewing the long-axis orientation of a lobster for measurement of carapace length is difficult. To overcome this problem, we measured the distance between the visually prominent supra-orbital spines (Fig. 2a, b ) and developed a regression equation to derive estimates of carapace length (CL), the distance between the tip of the rostral spine and the back of the carapace on its dorsal surface.
In 2006 and 2007 a total of 456 commercially caught (approx. >100 mm CL) lobsters, and 142 hand-caught lobsters of sub-legal size (<100 mm CL) were measured at the Fiordland lobster processing depot, Milford Sound, and the Portobello Marine Laboratory, Otago, respectively. This size range of lobsters covered the full range of sizes encountered in our subtidal surveys and provided adequate replication for each size class in the observed size distributions. Measurements to the nearest mm were made of the distance between the supra-orbital spines (SOS) and CL using Vernier calipers. The sex of each animal was also recorded for mature animals (n = 462). As morphometric relationships may differ between sexes (Fairbairn 1997) , an ANOVA was performed using the model CL = SOS + sex + (SOS × sex). No interaction was detected at the p = 0.001 level, thus data were pooled for further analysis.
A linear regression analysis was conducted using the variables SOS and CL. Data were selected from inside the 80% confidence interval of the regression, omitting 3 outliers that proved to have malformed or broken SOS. Using the selected data, a further regression equation was formed that predicted CL from SOS. To ascertain the reliability of the equation in predicting CL, the SOS and CL of a further 30 captive animals were measured using Vernier calipers. The measured (true) CL was compared to the predicted values with a pairwise t-test.
Videogrammetry. Assembly and testing: The system consisted of parallel lasers mounted on an underwater video housing. Two 5 mW red focusable laser diode modules (Calpac Lasers) were housed in a precision milled aluminium block, encased in a waterproof aluminium housing that also contained 4 AA batteries and a normally open reed switch. The laser housing was mounted on a bracket so that its orientation could be adjusted in the vertical plane. The bracket was mounted across the video housing (Top Dawg 2, Top Dawg) using existing fixtures. The lasers were mounted 17 mm apart, parallel to and equidistant from the optical lens of the video camera (Sony HDR-HC7 1080i HDV camcorder, with 3.2 megapixel CMOS sensor). Fucidal marks were projected onto each lob- ster while filming and images of the complete frontal or dorsal aspect of lobsters and both fucidal marks were recorded (Fig. 2a,b) . Video footage was processed using iMovie HD 08 and images were excised as TIFF files using Grab 1.4 (93.1) (Apple Computer). Images were individually measured using the marquee tool in ImageJ 1.36b (National Institutes of Health). The lasers were checked for deviation from parallelism at distances of up to 4 m by projecting marks onto graph paper before and after each video event.
The system was assessed for field curvature, which distorts the relative distance between points across the image, using Andromedia Lens-doc filter (Andromedia Software) in Photoshop 7.0 (Adobe Systems) on graph paper images. No curvature was detected.
Parallax error occurs due to deviation from parallel of the orientation of the frontal axis of the subject in relation to the optical lens of the camera. It is a major source of variance in photogrammetric techniques, resulting in distance estimates that are negatively biased relative to the distance between the fucidal marks (Rochet et al. 2003 , Durban & Parsons 2006 , Bergeron 2007 ). The central cephalic spine (Fig. 2a) was used to assess the angle of presentation and images were rejected for analysis if the spine was not shown as > 95% equidistant between the 2 SOSs.
The measurement error, or variability of repeated measurements taken on the same individual relative to variability among individuals in a particular group, was estimated for field-collected data. Percentage measurement error (%ME) was calculated as the percent of the total variability in CL due to within-individual variation (Bailey & Byrnes 1990) . In October 2007, 60 lobsters were filmed by divers in the DoubtfulBradshaw Sound complex and 3 images of each animal were measured. The variance and covariance of the estimates of CL was partitioned into among-and within-individual components after Bailey & Byrnes (1990) and the %ME was calculated.
Because accuracy of measurements made with photogrammetry may improve with operator experience (Harvey 2000) , we evaluated the effect of experience on estimates of carapace length. Thirty-two videogrammetric images of lobsters were measured by the author (L.J.) and by a volunteer who was new to the method. The 2 data sets were compared using a paired t-test.
Comparison of visual estimates: In February 2007 and 2008, CL of 577 lobsters was estimated by divers by UVC at 20 sites in Fiordland. Divers categorized lobsters into 3 size classes: <100, 100 to 150 and >150 mm. During the same underwater surveys, another diver recorded sizes of lobsters using the videogrammetric system, in the same vicinity and for the same time period as the UVC. These images were processed to obtain photogrammetric estimates of 446 lobsters and were categorised into the same size classes for comparative analysis. A 2-sample KolmogorovSmirnov goodness-of-fit (K-S) test was used to compare the 2 data sets within each year.
Red rock lobster population structure. In February 2008, red rock lobster densities were recorded at 8 sites in the Doubtful-Bradshaw Sound complex using the same UVC method. Three 50 × 5 m belt transects were sampled per site. Two sites were located in each of the 3 marine reserves and 2 sites were located in the outer-fjord CEZ region of the Doubtful-Bradshaw Sound complex (Fig. 3) . The CEZ region sampled and the Te Awaatu Channel marine reserve are situated in outer-fjord habitat, whilst the Kutu Parera and Taipari Roa marine reserves are situated in inner-fjord habitat . Taipari Roa marine reserve is situated in the degraded region of the fjord (Tallis et al. 2004 , Jack et al. 2009 ). The size and sex of lobsters were recorded using the videogrammetric method concurrently with abundance surveys at each site. Sex of each lobster was recorded on the video footage by a hand signal from the diver after visual inspection of the fifth pereiopod (terminal walking leg), which in females only is subchelate. Sex was determined for 93% of the sampled lobsters. Distribution of lobsters at the sites was highly patchy, so that at some sites there was not sufficient time to measure all lobsters on a transect, whilst at others there were not enough lobsters per transect to reliably estimate a sex ratio or size distribution. To account for this, size and sex estimation was not area stratified, but was restricted to the total number of lobsters that were measurable located within 150 m of the site marker (3 transect lengths) at 15 m depth during 1 dive. We took care to avoid selectivity with either technique by measuring all lobsters encountered along each transect. This method assumes that when combining size and sex with UVC (abundance) data, because both are random samples of the population, the 2 data sets are compatible and represent the same population, consistent with our sampling design.
No lobsters were observed in the Taipari Roa marine reserve. At the 6 sites where lobsters were observed, they were assigned to 5 mm bins following videometric calculations and size-frequency distributions of male and of female lobsters were compared among the 3 management zones. For each site, we calculated the relative abundance of males and females in each size class by combining videogrammetric (size and sex) and abundance data. Because there were a low number of sites per management unit (n = 2), we used PERMANOVA+ for Primer (PRIMER-E) to test for among-unit differences. For each sex, we calculated the maximum distance (D max ) among size-frequency distributions where D max = max i |y i1 -y i2 |. Here the absolute value of y i1 -y i2 reflects the observed difference in abundance for each size class. We conducted a 1-way permutational ANOVA for the factor management zone in the PER-MANOVA routine, using 9 × 10 5 unrestricted permutations of the raw data to conduct an exact test and pairwise comparisons using Monte-Carlo p-values, which are valid when the possible number of unique permutations is low.
Potential egg production. The size-frequency distribution of females at each site was combined with a size-specific fecundity equation used for the Fiordland rock lobster fishery (f = 0.0567 CL 3.18 ; after Annala & Bycroft 1987) to estimate the potential number of eggs produced 250 m -2 yr -1 at each of the 8 sites for mature females. Estimates of egg production 250 m -2 yr -1 were compared among the 3 marine reserves and the CEZ. Because there was a low number of sites per group (n = 2), we calculated Euclidean distances among sites and conducted a 1-way permutational ANOVA in the PERMANOVA routine as described above.
RESULTS

Fiordland-wide abundance of red rock lobster
There were significant differences (F 3,144 = 13.37, p < 0.001) in the abundance of rock lobsters among management zones across Fiordland (Fig. 4) . A post hoc Tukey's test revealed that in marine reserves established in 1993, lobster density was significantly higher than in all other management zones (Fig. 4) .
Videogrammetry: development and testing
The 
Red rock lobster population structure
No differences were found in the size-frequency distribution of males among management zones at the α = 0.05 level. However, the size-frequency distribution of female lobsters did differ among management zones (pseudo-F = 7.3294, df = 2; Monte-Carlo p = 0.00448, 15 unique permutations; pairwise comparisons: Te Awaatu Channel [a], Kutu Parera marine reserve [ab] , CEZ [b] , at the α = 0.05 level). Overall, greater relative abundance and a more mature age structure, including high abundance of legal-sized females, were observed at Te Awaatu Channel compared with other regions (Fig. 6a) . At Kutu Parera marine reserve we found an intermediate relative abundance of lobsters and a mature age structure with a large proportion of large females (Fig. 6b) . At sites in the CEZ we found lower densities of lobsters and lower frequencies of large females (Fig. 6c) .
Potential egg production
In the 3 regions where lobsters were found, the variation in sex ratio and population maturity/age structure were used to estimate potential fecundity in each management zone (Fig. 7) . Overall, the potential egg production for rock lobsters differed among the 4 management zones (pseudo-F = 26.554, df = 3; permutational-p = 0.0094, 60 unique permutations). Egg production was greatest in the Te Awaatu Channel marine reserve, low in the CEZ and intermediate in the Kutu Parera marine reserve. Estimated production was zero at the Taipari Roa marine reserve (pairwise comparisons: Taipari (Fig. 8) .
DISCUSSION
Recovery of mature age structure and abundance of exploited populations within marine reserves offers distinct gains for fishery enhancement and sustainability across complex coastlines. In the present study we described variation in abundance and size structure of the red rock lobster Jasus edwardsii across a newly created network of marine protected areas in the Fiordland Marine Area. Here, patterns in abundance and size structure are likely driven by the interplay between habitat quality and spatial management zones, with implications for source-sink structure and contributions to the regional larval pool. Populations under the greatest level of protection from fishing and in high quality habitats were the most fecund. Development of mature population size structures was truncated in the regions where recreational fishing was allowed or habitat was degraded, so that potential contributions to the larval pool from these regions were relatively low. Measurement of size-frequency distributions within marine protected areas with sufficient accuracy and precision to resolve differences in size-specific fecundity requires a non-intrusive and repeatable method for measuring size of lobsters in the field. Though size estimates from visual underwater surveys are easily obtained, variability among researchers was shown to be large and resolution of size classes was too coarse to provide reliable estimates of size-specific fecundity. In the present study we developed a photogrammetric technique that enabled resolution of rock lobster CL in the field with a high degree of accuracy and precision. This, coupled with the advantages of a permanent record of each measurement, provided a non-intrusive method that can be used for monitoring populations in marine reserves with enough precision to resolve differences in fecundity and changes in size-frequency distributions over time.
Increases in animal abundances and sizes in marine reserves likely translates into increased reproductive potential, provided there are not large differences in onset of maturity (Goni et al. 2003) , mate selection (MacDiarmid & Butler 1999) or other environmentally driven influences on fecundity (Pollock 1995) . The results of the present study demonstrate that at the landscape scale in Fiordland, the highest densities and most mature size distributions of red rock lobsters are contained within well-established marine reserves. These data are consistent with observations that local cessation of fishing mortality may result in buildup of high densities of red rock lobsters in marine reserves (Pande et al. 2008) . Observations from other systems indicate that size-specific egg production in rock lobsters might be enhanced in marine reserves due to earlier onset of maturity (Goni et al. 2003) and enhanced mate choice (MacDiarmid & Butler 1999) . However, poor quality habitat and poor nutrition has the potential to reduce these effects (Pollock 1995) . We did not detect a regional effect of reserves established 1 to 2 yr before data collection, which was not unexpected because reserve effects can be correlated with reserve age (Kelly et al. 2000 , Claudet et al. 2008 ) and the new reserves are distributed across a range of habitat types with varying attributes (Rodwell et al. 2003; although Kelly et al. 2000 reported increases in Jasus edwardsii egg production of 9.1% per year of protection among 3 northern New Zealand reserves). Examination of size distributions and sex ratios of red rock lobsters in the Doubtful-Bradshaw Sound complex, where the largest variability in abundance among management zones was observed, revealed that the highest density and most mature size structure of lobsters occurred in the Te Awaatu Channel marine reserve (est. 1993). Lower densities and slightly fewer large females were observed within the newly established Kutu Parera marine reserve (est. 2005). Both low densities and a more truncated size distribution were found at the sites within the CEZ, whilst rock lobsters were absent from the Taipari Roa marine reserve (est. 2005) , where habitat and food resources have been degraded. Unlike other species of spiny lobsters, Jasus edwardsii only produce one brood per year (Quackenbush 1994) . Fecundity of J. edwardsii increases geometrically with CL of females through increases in eggs produced per brood (Annala & Bycroft 1987) . Our estimation of fecundity patterns per unit area among management zones in the Doubtful-Bradshaw Sound complex demonstrates the importance of both abundance and maturity of size distributions on potential egg production for this species. The estimate of fecundity per unit area of rocky reef in the Te Awaatu Channel marine reserve (~2.6 × 10 6 eggs 250 m -2 yr ). These data are consistent with strong effects of both management regime and habitat quality on the population structure and resultant reproductive capacity of rock lobsters across the DoubtfulBradshaw Sound complex. In the Te Awaatu Channel marine reserve, we propose that both high quality habitat and sustained protection from fishing have resulted in the buildup of a mature size structure of male and female lobsters. In spite of potential positive effects of similarly high habitat quality, at sites in the adjacent CEZ we described patterns consistent with a strong influence of recreational fishing, which has truncated the population structure by selective removal of large individuals. Fishing pressure at these sites is perhaps exacerbated by their proximity to a renowned marine reserve. In the newly established Kutu Parera marine reserve, patterns in population structure are consistent with inner-fjord habitat of sufficient quality to support high biomass and a mature size structure that is protected from recreational fishing. This habitat quality may be characterised by beds of abundant mussels (predominantly Mytilus edulis galloprovincialis) (Jack et al. 2009 ).
Results from the present study indicate an absence of rock lobsters at Taipari Roa, where amelioration of fishing pressure in this newly established marine reserve is likely insufficient to override the negative effects of localised habitat degradation.
Larger no-take zones have been shown to harbour higher densities of fished species (Claudet et al. 2008) . The marine reserves in the Doubtful-Bradshaw Sound complex differ considerably in size. However, the observed patterns in rock lobster population structure are unlikely driven by these differences, as Te Awaatu marine reserve is the smallest (93 ha), Taipari Roa is the largest (613 ha) and Kutu Parera is of intermediate size (433 ha). A positive relationship between reserve size and population structure is contrary to the observed trend. As red rock lobsters typically inhabit crevices and caves (MacDiarmid 1991 , Annala & Bycroft 1993 , the observed patterns may also be driven by differences in available physical habitat among regions. Although the present study has not directly quantified rocky reef habitat in each region, we note that ample unoccupied crevices were seen at all sites, including in the Taipari Roa marine reserve.
The described spatial variability in fecundity on rocky reef habitat has likely implications for the success of the newly implemented Fiordland marine protected area network in conserving self-sustaining populations within reserves, supporting viable regional metapopulation structure and enhancing the larval pool at a landscape scale. Scales of spillover from marine reserves vary across species and ecosystems from 100s of metres to 100s of kilometres (Roa & Bahamonde 1993 , McClanahan & Mangi 2000 , Kelly 2001 . Jasus edwardsii has the longest known larval duration of any spiny lobster at 12 to 24 mo (Booth 1994) , and the potential for locally productive regions to provide sources of recruits for distant populations is particularly strong in this species. Although resolving the link between local fecundity and regional recruitment is beyond the scope of the present study, the Fiordland red rock lobster stock has been identified as a major source of recruitment for a large segment of the New Zealand rock lobster population, likely providing between 74 and 95% of larvae that eventually settle in the surrounding fisheries of the South Island (Chiswell & Booth 2008) . Populations of lobsters in suitable habitat that are protected from fishing have the potential to develop high abundances and mature age structures and may contribute disproportionately to the larval pool, with potentially far reaching and disproportionate implications for recruitment in adjacent regions. The Te Awaatu and Kutu Parera marine reserves show potential to support highly fecund populations of J. edwardsii, whereas the degraded habitat in the Taipari Roa marine reserve will likely support very low or no egg production.
Maintenance of high potential fecundity on rocky reef habitat among local populations of red rock lobsters requires high abundances as well as mature size distributions (Andrew & MacDairmid 1991) . The present study provides evidence that, compared with other management zones, these criteria are most adequately met within marine reserves in Fiordland, but are likely strongly influenced by length of time of protection and local habitat quality within the reserves (Jack et al. 2009 ). At sites where the habitat is degraded, amelioration of fishing pressure has a limited impact against local environmental forcing of vital rates. Under the adaptive management paradigm, reserve boundaries could be shifted to accommodate this knowledge and maximise the positive gains in terms of protecting exploited species such as rock lobsters of forfeiting space for reserves. The effect of doing so would likely be substantial gains in terms of fecundity of Jasus edwardsii per unit area on rocky reef habitat occupied by reserves and would likely have positive effects on the New Zealand red rock lobster population through increases in egg production in a key reproductive source region. 
